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Abstract Ants in hospital environments may carry pathogenic microorganisms that cause hospital-acquired infections
(HAIs), developing resistance to antimicrobials and therefore representing a public health hazard. HAIs increase mortality
rates, as a constant threat in the spread of multi-resistant bacteria. This study isolated and identified pathogenic bacteria in
ants captured in a hospital in Brazil. We also identified the main genera of ants in these environments. Ants were attracted
using protein and carbohydrate traps. A group of five ants was considered a sample. Microbiological analysis included the
isolation of Escherichia coli and other enterobacteria and staphylococci. Susceptibility was tested against vancomycin,
cefoxitin, oxacillin, and chloramphenicol. The results of resistance to chloramphenicol assays revealed the presence of
resistant Enterobacteriaceae (E. coli), resistant isolates of Citrobacter feundii, Enterobacter spp., Klebsiella spp., and
Klebsiella oxytoca, and susceptible Hafnia spp., and Yersinia enterocolitica isolates. For vancomycin, oxacillin, and
cefoxitin, the bacteria included resistant and sensitive coagulase-negative Staphylococcus spp. and coagulase-positive S.
aureus CP. The ant genera identified were Pheidole, Crematogaster, Linepithema, and the species Tapinoma
melanocephalum. Ants in hospital environments may carry significant numbers of bacteria resistant to the antimicrobials
used. This highlights the risk these bacteria pose in such settings, especially to intensive care patients, who usually are
immunodepleted.
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3 cm/s. This advantage grants these insects access to several
environments in an hospital, carrying pathogenic
microorganisms that pose potential threats and may be
associated with HAIs [6].

Importantly, the social organization of ants is another
factor that induces workers to roam around several hospital
environments. In this process these insects may acquire
bacteria in potentially contaminated environments like
bathrooms, reception desks, and wards, at which point they
begin to carry these microorganisms to restricted access
settings, such as sterilization rooms, laboratories, nurseries,
and operating theatres. The presence of pathogenic bacteria
in the tegument of worker ants foraging in essentially any
hospital environment qualifies these insects as potentially
important agents in the spread of infectious diseases in
healthcare facilities [5].

HAIs include any infection a patient develops after
admission that manifests during this period or even after
discharge, as long as the disease may be associated with the
inpatient treatment period or medical procedures carried out
then [7]. According to a HAI control survey carried out by
Brazil’s Sanitary Surveillance Agency (ANVISA), the rate

1. Introduction

Urbanization processes pose issues such as inordinate
population growth, water contamination, and the difficulty
to implement sanitary control measures. Such scenario
promotes the dissemination of arthropods and therefore of
the diseases they may carry. For this reason, these animals
pose some of the most important hazards to quality of life,
standing as a growing concern [1-5].

More specifically, the presence of ants in hospital
environments is a serious health problem. Several ant
species act as mechanical vectors to pathogenic
microorganisms, which points to the importance of research
on the transport of pathogens associated with ants in the
development of measures to reduce the prevalence of
hospital-acquired infections (HAIs), decrease associated
mortality, and optimize healthcare budgets.

Like other social arthropods, ants are attracted by foods
or even medical drugs, especially those containing sugar.
Ants have impressive mobility features, reaching speeds of
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of these infections in the country stands at 9.0% in the
country, though in some healthcare organizations this value
has been found to be much higher, reaching impressive
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88.23% [8].

In view of the above, healthcare staff has to be aware of
the need for controlling and mapping these insects’ habits
as a means to control HAIs [9], whose main consequences
are increased morbidity and mortality rates, and higher
costs associated with longer inpatient treatments. Moreover,
HAIs stand as a constant threat in the spread of
multi-resistant bacteria [10]. This highlights the need for
studies on this topic as a tool in the surveillance of
infestation hotspots and the detection of resulting
microbiological contamination. Such research is also
important in the design of more efficacious insect control
methods, which indirectly help reduce HAI prevalence.

Aiming to contribute to the knowledge about ants in
urban environments, especially hospitals, the present study
identified the pathogenic bacteria (enterobacteria and
staphylococci) isolated from ants captured in hospital
settings, and tested the resistance of these pathogens to
selected antibiotics. We also identified the genera of these
ants, and discuss the issues associated with their presence in
healthcare environments as a key factor in the development
of ant control strategies.

2. Materials and Methods

2.1. Collection of Ants

Ants were collected in 11 different environments in the
Municipal Hospital of Teixeira de Freitas, state of Bahia,
Brazil, namely: (i) the intensive care unit (ICU), (ii) the
semi-intensive care unit, (iii) food preparation facilities, (iv)
the social service office, (v) the emergency room, (vi) the
operating theatre, (vii) a nurse station, (viii) ward 107
(medical care), (ix) ward 202 (surgery), (x) ward 208
(orthopaedics), and (xi) the food pantry.

Figure 1. (A) protein bait (sausage) and (B) carbohydrate (honey) baits
used to capture ants in a hospital. (C) bait with ants. (D) Collection of ants
with tweezers. (E) Ant placed in a test tube with BHI broth. (F) Five ants
placed in each tube
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Collections took place twice a day, in the morning and
early evening in December 2014 and March, May, and
August 2015, representing eight collection efforts. In total,
256 protein and carbohydrate traps were used, 128 of each
bait. Honey and wiener sausages were used as carbohydrate
and protein baits, respectively. Traps were left in each
environment for 40 min. Ants were carefully picked with
sterilized tweezers and placed in test tubes containing Brain
Heart Infusion (BHI) broth. Five ants were placed in each
tube, which was labelled identifying the hospital
environment of origin (Figure 1). The operator wore
sterilized gloves throughout the collection effort [11].

The tubes were then transferred to thermally insulated
boxes containing ice and transported to the Laboratory of
Microbiology, Universidade do Estado da Bahia (UNEB),
where the microbiological analyses were conducted. The
identification of ants was carried out in the Laboratory of
Zoology, UNEB.

2.2. Microbiological Analyses

The tubes containing ants in BHI broth were incubated at
35°C for 24 h. Contents with evidence of bacterial
growth were seeded on Petri dishes with specific culture
media (MacConkey Agar, MCA, for Escherichia coli and
other enterobacteria; Mannitol Salt Agar, MSA, for
Staphylococcus spp.). Dishes were incubated at 35°C for
24 h[5, 11-13].

Typical E. coli colonies and those of other enterobacteria
were analysed according to biochemical assays like indole,
methyl red, Voges—Proskauer, and citrate (IMViC) to
identify and confirm bacteria to species level. Typical
Staphylococcus spp. colonies were submitted to the catalase
and coagulase assay and to a mnovobiocin-resistance
assay to differentiate Staphylococcus epidermidis and
Staphylococcus saprophyticus.

2.3. Resistance to Antimicrobials

The species identified were submitted to antimicrobial
resistance assays according to the disk diffusion method [15,
16].

Colonies of each isolate were used to prepare one bacterial
suspension with turbidity adjusted to 0.5 MacFarland.
Seeding was carried out in Mueller-Hinton Agar (MHA).
Oxacillin, cefoxitin, and vancomycin disks were used to
evaluate resistance of the isolates of coagulase-positive (CP)
Staphylococcus ~ aureus, coagulase-negative ~ (CN)
Staphylococcus, S. saprophyticus, and S. epidermidis. One
chloramphenicol disk was used to test £. coli and other
enterobacteria.

2.4. Identification of Ants

Ants were characterized to genus level using identification
keys in Baccaro et al. [17]. Ant species were identified using
the keys available in specialized websites [18].
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3. Results and Discussion

Of the 256 traps laid, 12 (4.7%) attracted ants (eight of
which, or 66.7%, with protein and four, or 33.3%, with
carbohydrate baits). In total, 60 individuals were captured.
Considering all the eight collection efforts, we caught ants
only in three (37.5%), namely in the afternoon in December
2014, in the morning in March 2015, and in the afternoon in
August 2015.

The low number of individuals collected may be explained
in view of the fact that half the traps were laid in autumn and
winter. A similar finding was observed by Couceiro [19],
who collected ants in spring and summer, while only 44 were
captured in autumn and winter. Also, the hospital surveyed
in the present study had gone through a series of pest control

procedures, which prevented more frequent collection efforts.

However, insect control was carried out with sulfluramid gel,
a slow-release pest control agent, so we managed to collect
ants in the environments cited before they actually reached
nests.

Of the 11 environments surveyed, ants were captured in
seven (63.6%), namely the ICU, semi-intensive unit, food

preparation facilities, emergency room, ward 107 (medical
care), ward 202 (surgery), and ward 208 (orthopaedics).

The highest number of ants was captured in the evening.
Collections were successful in both morning and evening in
ward 107 (medical care) and ward 202 (surgery) (Table 1).

Of special significance is the fact that resistant bacteria
were isolated from ants collected in the ICU, the
semi-intensive care unit, ward 107 (medical care), and ward
208 (orthopaedics). This points to the potential dangers of
HAISs, since immunodepleted patients are often treated in
such hospital environments [20].

Four ant genera were identified. The genus Pheidole was
captured in seven (58.3%) traps (five with protein, two with
carbohydrate baits). Crematogaster was found in two
(16.7%) traps (one with protein, one with carbohydrate), the
species Tapinoma melanocephalum was captured in two
(16.7%) carbohydrate traps, and Linepithema was found in
one (8.3%) protein trap.

Of the 12 ant samples analysed, ten (83.3%) carried
pathogenic enterobacteria and staphylococci. The two
samples (16.7%) that did not carry bacteria were collected in
the ICU and Ward 208.

Table 1. Pathogenic bacteria isolated and identified from ants captured in hospital environments using protein and carbohydrate traps. Susceptibility of
strains to selected antibiotics is shown
. ' ) .3 Isolated Susceptibility® Isolated Susceptibility’  ygentified ant
Environment Trap Time .4 . - .
staphylococci VAN CFO OXA enterobacteria CLO species
CN Staphylococcus S R R Escherichia coli R
ICU P E CN Staphylococcus S S S Citrobacter freundii R Pheidole spp.
S. saprophyticus S S S Enterobacter spp. S
Klebsiella spp. R
Food X CN Staphylococcus S S ) PP . Tapinoma
preparation C E Citrobacter freundii S
e CP S. aureus S S melanocephalum
facilities Enterobacter spp. S
Semi-intensive c M CN Staphylococcus S S S Hafnia spp. S Tapinoma
care unit CN Staphylococcus R S R Klebsiella oxytoca R melanocephalum
CN Staphylococcus R S R Citrobacter freundii S
Emergency P E aphylococcus itrobacter freundii Pheidole spp.
room CN Staphylococcus S S S Hafnia spp. S
Citrobacter freundii S Linepi
P E S. epidermidis R S R / inepithema
Enterobacter spp. S Spp-
Ward 107 Citrobacter freundii S
itrobacter freundii
(medical care)  C E CP S. aureus S S S Crematogaster
Enterobacter spp. S Spp.
P M CN Staphylococcus S S S Hafnia spp. S Pheidole spp.
B E S. epidermidis S S S Citrobacter freundii N Crematogaster
Ward 202 CN Staphylococcus R R R Enterobacter spp. S Spp.
(surgery) Yersinia enterocolitica S
P M CN Staphylococcus S S S ] Pheidole spp.
Hafnia spp. S
Ward 208 Citrobacter freundii R
. P E S. epidermidis S S S Pheidole spp.
(orthopaedics) Enterobacter spp. R

'ICU (intensive care unit); °P (protein), C (carbohydrate); ’E (evening); M (morning); “CN (coagulase-negative); CP (coagulase-positive); VAN (vancomycin);

CFO (cefoxitin); OXA (oxacillin); CLO (Chloramphenicol); S (susceptible); R (resistant).
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Ants of the Pheidole genus were the most common in this
study. The main characteristic of this native species is
polygyny, which reduces intercolonial aggression and
enables individuals to roam around hospital environments. In
this process, these ants acquire pathogenic bacteria,
spreading infectious diseases in such settings [5, 21].
Virtually all Pheidole species build their colonies on the
ground, under rocks or logs, or underground, forming small
hillocks. Also, numerous species of the genus feed
exclusively on other insects [22].

Besides a wide geographic distribution, the genus
Crematogaster has high species abundance and richness as
well as good adaptation competencies at both local and
global levels [23]. Such features explain this genus’
predominance compared to other Formicidae, and clarify the
fact that it was repeatedly captured not only in the present but
in other studies as well [24-27].

The ghost ant Tapinoma melanocephalum (Fabricius) is
an ubiquitous indoor and outdoor pest. Infestations in homes
are restricted to high humidity environments that meet its
survival requirements. As a cosmopolitan species introduced
in several parts of the globe, 7. melanocephalum has spread
so efficiently that today it is virtually impossible to establish
its actual geographic origins [28]. As a rule, its colonies are
build in cramped, unstable surroundings like tussocks of
dead grass that has retained some humidity, though stems of
plants and holes under debris may also be used for the
purpose [29]. In indoor nests, 7. melanocephalum colonizes
voids on walls or between wardrobes and skirting boards. It
also builds nests in plant pots [3]. These characteristics
explain the presence of 7. melanocephalum in the samples
collected, since the hospital is surrounded by an open plot of
land partially covered with a lawn. Inside the hospital, it is
possible that these ants built their colonies between
cupboards or furniture in general, and in holes on the wall, as
described by Smith and Whitman [30].

The genus Linepithema is native to the Neotropical
Region [31]. Except for Linepithema humile (Mayr), the
bioecology of the genus has not been clarified. As a rule,
these species build their colonies on the ground, heaps of
leaves, decayed wood, or under rocks [31]. In addition, L.
humile has considerable ecological plasticity, feeding on
liquids containing sugar [17], which explains its presence in
urban and hospital environments where such resources are
available.

The genera identified in the present study have been
described in previous investigations on the presence of ants
in hospital environments in Brazil [5, 6, 14, 32]. The studies
cited revealed that ant diversity in Brazilian hospitals is
consistently high [33]. Such preference may be explained in
view of the affinity some ant species have for surgical
instruments and sterilized materials, as demonstrated in a
study that showed that some ant species are extremely
abundant in hospital environments [34].

Of the 16 staphylococcus strains identified, three (18.75%)
were S. aureus. The other 13 (81.25%) were CN
Staphylococcus, of which three (23.07%) were S.
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epidermidis and one (7.69%) was S. saprophyticus. Also,
five (31.25%) staphylococcus strains were resistant to at
least one antimicrobial agent used, while 11% were
susceptible to all drugs (Table 1). All isolates resistant to one
of the antimicrobials used were resistant to oxacillin. The
importance of this finding lies in the fact that
methycilin-resistant Staphylococcus aureus isolates are also
resistant to oxacillin.

Notably, CN Staphylococcus is the microorganism most
often isolated in HAIs. Research has shown that methycilin-
resistant CN Staphylococcus increases the risk of morbidity
and mortality, and is the main pathogen behind blood
infections.

The relevance of CN Staphylococcus as a pathogen was
for long ignored, but recent studies have cautioned about the
surge in isolates resistant to antibiotics like oxacillin and
B-lactam agents such as penicillin and cefazolin, especially
in inpatients. Today, the pathogen has reached considerable
importance in the aetiology of HAIs [21, 36]. CN
Staphylococcus is the main causal agent of HAIs, mostly in
ICU patients [37].

For Pereira and Ueno [38], the isolation of CN
Staphylococcus bears special significance, since it is one of
the groups most frequently isolated in HAIs. Besides, S.
epidermidis has been acknowledged to be the main
etiological agent of bacteraemia, postoperative infections,
and urinary tract infections. It is also one of the

microorganisms that establishes biofilms in medical
instruments, which is another indicative of its role in HAIs
[39].

The increasing resistance of pathogenic bacteria to
antimicrobials has provoked the rise in morbidity and
mortality rates in HAIs. The most hazardous pathogenic
bacteria are the Gram-negative rods like enterobacteria, apart
from Gram-positive microorganisms, such as CP
Staphylococcus aureus [40].

Of the 21 enterobacteria strains isolated, seven (33.3%)
were Citrobacter freundii, six (28.6%) were Enterobacter
spp., four (19.0%) were Hafnia spp., one (4.8%) was E. coli,
one (4.8%) Klebsiella spp., one (4.8%) Klebsiella oxytoca,
and one (4.8%) Yersinia enterocolitica. Also, of these 21
strains, six (28.6%) were resistant to chloramphenicol,
namely one E. coli isolated from ants in the ICU, two C.
freundii spp. (one from the ICU, one from ward 208,
orthopaedics), one Enterobacter spp. from ward 208
(orthopaedics), and one K. oxyfoca from the semi-intensive
care unit (Table 1). These findings agree with previous data,
which also revealed the high species diversity of bacteria in
hospital environments [6, 27, 32, 38, 41].

Gram-negative bacteria are currently the main agents
responsible for HAIs both in long-term inpatients and in
those that underwent invasive medical procedures [33]. The
contact of patients with these bacteria may become a
complicating variable when admittance to hospital is to treat
an unrelated disease, as it is the case of immunodepleted
individuals, in whom HAIs like gastroenteritis, for instance,
may be an extra obstacle in the medical staff’s efforts to
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reach homeostasis [42, 43]. Therefore, the importance of this
class of bacteria should never be overlooked in hospital
settings. These microorganisms, mainly Klebsiella spp. and
Enterobacter sp., evolve to an antibiotic-resistant status
quite quickly, causing severe infections [44].

For Tanaka et al. [6], the presence of multi-resistant
bacteria isolated from ants in settings like a hospital ward is a
key factor in direct disease transmission. More specifically,
such finding points to higher risks for HAIs, highlighting the
need for pest insect control measures in such environments.

Roughly 10% of inpatients contract HAIs after an invasive
medical procedure or immunosuppressive therapy [45]. The
bacteria Enterococcus spp., Staphylococcus —aureus,
Pseudomonas aeruginosa, Acinetobacter spp., E. coli,
Klebsiella spp., and Enterobacter spp. have been highlighted
as the main pathogens behind HAIs in these patients. These
bacteria were, essentially, the same as the ones isolated in
this study. Moura et al. [46] also surveyed two ICUs in a
teaching public hospital in the city of Teresina, state of Piaui,
Brazil and determined the prevalence of HAIs. Interestingly,
35% of these infections were caused by Klebsiella spp.,
17.9% by Staphylococcus spp., and 24% by Pseudomonas
Spp.

The association of enterobacteria and ants has been
reported in Brazilian hospitals, posing risks to inpatients.
Enterobacteria are commonly isolated from insects, and are
horizontally  transmitted. = Yet, these  pathogenic
microorganisms may also be acquired from the environment,
which underscores their remarkable spreading and
colonizing capabilities [5, 33, 38].

Bacteria carried by ants in hospital environments may be
antimicrobial-resistant, which underscores the need for
greater awareness in healthcare organizations concerning the
prevention of HAIs. In this sense, control measures should
be adopted, from simply washing hands to more complex
efforts, like the sensible prescription of antimicrobials and
the careful planning of pest control applications.

4. Conclusions

The results show that the ants captured are possibly
working as carriers of pathogenic bacteria. Transmission
may take place directly, when ants crawl up a patient’s skin,
or indirectly, when they run on medical devices. Besides the
fact that these ants carry a significant number of clinically
important bacteria in hospital settings, another relevant
finding was the resistance to selected antimicrobials, which
increases the risk of HAIs, especially in ICU inpatients who,
in most cases, are immunodepleted.

The great importance of bacteria carried by ants in
hospital environments lies in the resistance to antimicrobials
they develop, highlighting the need for increased awareness
in healthcare organizations as to the adoption of strict
prevention measures. Such initiatives may be as simple as
washing hands properly and as complex as devising sensible
courses of antimicrobials to inpatients or conceiving efficient

pest control programmes.

Despite the confirmation that ants carry microorganisms,
our results have not afforded to clarify the precise role these
insects have in HAIs. Further studies should be conducted to
assess the risk of infection in hospital settings potentially
colonized by ants.
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